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[0003] 

[Problem that the Invention is to solve] Since the series resistance of a 
semiconductor layer device is closely related to, for example, the 
high-speed modulation characteristic as well as to the stray capacitance, 
the resistance needs to be reduced as greatly as possible in order to 
improve the high-speed modulation characteristic. However, the 
conventional technology has no method of reducing the series resistance 
of the device as greatly as possible. 

[0004] The object of the present invention is to provide a semiconductor 
laser device in which the high-frequency modulation characteristic can be 
improved by reducing the series resistance as greatly as possible. 
[0005] 

[Means for Solving the Problem] The above object is achieved by 
controlling the carrier concentration of a cladding layer in the vicinity of a 
re-grown interface at semiconductor laser manufacturing. More 
specifically, a semiconductor cladding layer located closer to the surface 
than an active layer is formed of plural semiconductor layers having 
different carrier concentrations, and a semiconductor layer located on the 
active layer's side has a carrier concentration ranging from 2 X 10 17 /cm 3 

to o 

to 1 X 10 /cm and a semiconductor cladding layer located on the 
surface's side has a carrier concentration ranging from 1 X 10 18 /cm 3 to 5 
X 10 19 /cm 3 . Further, the cladding layer on the active layer's side has a 
larger thickness than the cladding layer left in the external region of a part 
with a ridge structure. When the semiconductor layers having the 
aforementioned carrier concentrations are AlGaAs-based semiconductors, 
the layers' respective resistances are approximately 0.03 to 0.15 Q cm and 
0.002 to 0.3 Q cm. 
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[0006] 

[Operations] Generally, the series resistance of a semiconductor laser 
device, which depends on the carrier concentration of each semiconductor 
layer and the contact resistance between the semiconductor layer and an 
electrode, can be reduced by lowering the carrier concentration of the 
semiconductor layer serving as a current pathway. However, in a 
semiconductor laser device having a ridge structure in a semiconductor 
cladding layer on an active layer, when the carrier concentration of the 
whole cladding layer is increased, the electrical resistance of the cladding 
layer located outside the ridge structure is lowered due to oscillation 
transverse mode, thereby increasing a reactive current component 
irrelevant to laser oscillation flowing through the layer in a transverse 
direction. In the present invention, a semiconductor cladding layer is 
formed of a semiconductor layer having a carrier concentration ranging 
from 1 X 10 17 /cm 3 to 1 X 10 18 /cm 3 and a semiconductor layer having a 
carrier concentration ranging from 1 X 10 18 /cm 3 to 5 X 10 19 /cm 3 and 
the one of the semiconductor layers, which has a lower carrier 
concentration, is located on the active layer's side. In this way, it 
becomes possible to lower the series resistance of the device without 
lowering the electrical resistance of the semiconductor cladding layer left 
in the external region of the ridge structure for controlling the transverse 
mode (without inducing increase in reactive current leaking in the 
transverse direction). 

[0007] Further, while it is generally known that the carrier concentration 
of a re-grown interface in crystal growth is lowered in consequence of, for 
example, surface oxidization, in the present invention, lowering in the 
carrier concentration in consequence of, for example, surface oxidation 
can be compensated since the carrier concentration on the surface's side, 
that is, the carrier concentration near the crystal re-grown interface can be 
increased, thereby enabling reduction in the series resistance of the device. 
[0008] Furthermore, while it is known that frequent impurity doping for 
increasing a carrier concentration generally results in degradation in 
crystallinity, the semiconductor cladding layer into which impurities are 
heavily doped is located apart from the active layer and in addition on the 
surface's side in the present invention, adverse effect on the reliability of 
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the semiconductor laser device is extremely small. 
[0009] 

[Embodiment] Hereinafter, an embodiment of the present invention will be 
described. In Figure 1, reference number 1 denotes an n-type GaAs 
substrate, reference number 2 denotes an n-AlGaAs cladding layer (the 
thickness is 1.8 ix m, the carrier concentration is n to 1 X 10 18 /cm 3 ), 
reference number 3 denotes a multiple quantum well semiconductor laser, 
reference number 4 denotes a first p-type AlGaAs cladding layer (the 
thickness is 0.5 \x m, Zn is doped, the carrier concentration is p to 7 X 

17 3 

10 /cm ), reference number 5 denotes a second p-type AlGaAs cladding 
layer (the thickness is 1.0 fx m, Zn is dope, the carrier concentration is p 
to 1 X 10 /cm ), and reference number 6 denotes a p-GaAs interface 
layer (the thickness is 0.2 ix m, the carrier concentration is p to 1 X 

19 3 

10 /cm ). The aforementioned layers are sequentially grown. A ridge 
structure having a width of approximately 5 ix m is formed in a central 
part of the device along a direction in which light is transmitted, in order 
to control oscillation transverse mode. Further, the p-type AlGaAs 
cladding layer 4 outside the ridge has a thickness of approximately 0.3 /x 
m. Reference number 7 denotes an n-type GaAs current confinement 
layer (the thickness is 1.2 jx m, the carrier concentration is n to 4 X 
10 /cm ) formed by selective growth. Reference number 8 denotes a 
p-type GaAs buried layer (the thickness is 1 jx m, the carrier 
concentration is p to 5 X 10 18 /cm 3 ) and reference number 9 denotes a 
p-type GaAs cap layer (the thickness is 0.4 fx m, the carrier concentration 
is 1 to 10 X 10 19 /cm 3 ). The aforementioned semiconductor laser 
structure is formed by three cycles of MOCVD. A p-type electrode 10 is 
formed on the surface while a n-type electrode 1 1 is formed on the reverse 
after the reverse is polished and etched by approximately 100 fx m. 
Finally, after the cavity length of 400 fx m is made by cleaving, 
assembling is performed on a SiC submount. 
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